
Tilt' '^r. 

I Office ^ 



10- 



U 5 A 



CERTIFIED COPY OF 
PRIORITY DOCUMENT 



INA'ESTOR IN PEOPLE 

The Patent Office 
Concept House 
Cardiff Road 
Newport 
South Wales 
NPIO 8QQ 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) 
If the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
jomptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
\iginally filed in connection with the patent application identified therein. 



Accordance with the Patents (Companies Re-registration) Rules 1982, if a company named 
lis certificate and any accompanying documents has re-registered under the Companies Act 
3 with the same name as that with which it was registered immediately before re- 
^tration save for the substitution as, or inclusion as, the last part of the name of the words 
llic limited company" or their equivalents in Welsh, references to the name of the company 
Is certificate and any accompanying documents shall be treated as references to the name 
Iwhich it is so re-registered. 



brdance with the rules, the words "public limited company" may be replaced by p. I.e., 
IL.C. or PLC. 



tration under the Companies Act does not constitute a new legal entity but merely 
the company to certain additional company law rules. 





Signed 
Dated 18 March 2004 



An Executive Agency of the Department ofTrade and Industry 



^Patents Form 7/77 



r 



.ots Act 1977 
(Rule IS) 



THE PATENT OFf^ 

^ 2 APR 2003 Qffibe 




NEWPO RT 

Statement of inventorship andldt — 
right to graiit of a patent 



-2 APR 



1. Your reference 



AMS.P52422GB 



The Patent Office 

Cardiff Road 
Newport 
South Wales 
NP9 IRH 



2. Patent application number 
(if you know it) 



0307555.3 



3. Full neune of the or of each applicant 



Sharp Kabushiki Kaisha 



4. Title of the invention 



A Semi-conductor Device and a Method of IVIanufacturing a 
Semi-conductor Device 



5. State how the applicant's^ derived the right 
from the inventor (s) to be granted a patent 



By employment of the inventors by Sharp Laboratories of Europe 
Limited (SLE), and by agreement between SLE and Sharp Kabushiki 
Kaisha. 



6. How many, if any, additional Patents Forms Qne 
7/77 are attached to this form? 
(see note (c)) 



VWe believe that the person (sj named over the page (and on 
any extra copies of tJiis form) is/are the inventor ^> of the invention 
which the above patent applicatioirfQlates to. 

Signature ^ 
Marks & Clerk 



Date 



1 April2003 



8. Name and da3^me telephone number of 
person to contact in the United Kingdom 



Dr Andrew Suckling 
(01865) 397900 



Notes 

a) If you need help to fill in this form or you have any questions, please contact the Patent Office on 0645 500505. 

b) Write your answers in capital letters using black ink or you may type them. 

c) If there are more than three inventors, please write the names and addresses of the other inventors on the back of 
another Patents Form 7/77 and attach it to this form. 

d) When an application does not declare any priority, or declares priority from an earlier UK application, you must 
provide enough copies of this form so that the Patent Office can send one to each inventor who is not an 
applicant 

e) Once you have filled in the form you must remember to sign and date it. 



Patents Form 7/77 



Patents Form 7/77 



Enter the full names, addresses and postcodes of the 
inventors in the boxes and underline the surnames 



ROSHAN. Rakesh 
33 Lime Walk 
Headington 
Oxford 
OX3 7AB 



g^024ofQQl 

Patents ADP number (ifyouknowit): 



POOLE, Brendan 
26 Otters Reach 
Oxford 
OX1 SQL 



Patents ADP number (ifyouknowit): 



HOOPER. Stewart Edward 

21 Thome Close 

Kidlington 

Oxfordshire 

OX5 1SJ 



Reminder 

Have you signed the form? 



Patents ADP number (ifyouknowit): 



Patents Form 7/77 



Patents Fonn 7/77 

( ., 



Enter the full names, addresses and postcodes of the 
inventors in the boxes and underline the surnames 



HEFFERNAN, Jonathan 
33 Denton Close 
Oxford 
OX2 9BW . 



Patents ADP number (if you know it): 



Patents ADP number (if you know it): 



Reminder 

Have you signed the iform? 




Patents Form 1/77 



- 1 APR 2003 Eatolt 



-His AcU977 
CRuIe 16) 



Request for grant of a patent. 

/See the notes on the back of this form. You can also Jet an 
explanatory kaOet Brom the Patent OfTice to help you 
this form) 




02APR03 E796963-1 D01&63 
POI/7700,0.00-0307555.3 



1. Your reference 



2. Patent application number 

(The Patent Office wiU ffli in this part) 



3. Full name, address and postcode of the or of 
each applicant (underline all surnames) 



Patents ADP number (if you know it) 

If the applicant is a corporate body, give the 
country/state of its incorporation 



4. Title of the invention 



The Patent Office 

Cardiff Road 

Newport 
South Wales 
NP9 IRH 



AMS.P52422GB 



0307555^1 



Sharp Kabushiki Kaisha 

22-22 Nagaike-Cho, Abeno-^iM^ 

Osaka 545-8522 

Japan 



Japan 



5. Name of your agent (if you have one) 

"Address for service" in the United Kingdom 
to which all correspondence should be sent 
(including the postcode) 



Marks & Clerk 

4220 Nash Court 
Oxford Business Park South 
Oxford OX4 2RU 
United Kingdom 



Patents ADP number (if you know it) 



7271125001 



t/ 



If you are declaring priority from one or more 
earlier patent applications, give the country 
and the date of filing of the or of each of these 
earher applications and (i f you know u) the or 
each application number 



Country Priority application number 

Of you know it) 



Date of filing 
(day /month /year) 



If this application is divided or otherwise 
derived from an earlier UK application, 
give the number and the filing date of 
the earlier application 



Number of earlier application 



Date of filing 
(day /month /year) 



8. Is a statement of inventorship and of right 
to grant of a patent required in support of 

this request? (Answer Yes' if: 

a) applicant named in part 3 is not an inventor, or 

b) Oiere is an inventor who is not named as an 
applicant, or 

c) any named applicant is a corporate body 
See note (d)) 



Yes 



Patents Form 1/77 



Patents Form 1/77 

Enter the number of sheets for any of the 
following items you are filing with this form 
Do not count copies of the same document 



Continuation sheets of this form 






Description 


21 




Claim 






Abstract 






Drawing^; 






10. If you are also filing any of the following, 
state how many asainst earh it#»m 






Priority documents 






X Id UUU& or priority documents 






Statement of inventorship and right 
to grant of a patent (Patents Form 7/77) 


2 ^ 




Request for preliminary examination 
and search (Patents Form 9/77) 


1 ^ 




K.equest ror substantive exammation 
(Patents Form 10/77) 






Any other documents 
(please specify) 






11. 


I/We request the grant oi 
Signature fidid^^ 
Marks & Clerk 


^p^nt on the basis of this application. 
— Date 

1 April 2003 


12. Name and daytime telephone number of 
person to contact in the United Kingdom 

Warning 


Dr Andrew Suckling 
(01865) 397900 





orcoZ'^Z7cTZ"o7^^^^^^^^ ^ consider ^.e^er .u.Uc.o. 

y^^U be informed if it is necessary to prohibU or r^^^^^ 

United Kingdon,, Section 23 of7hep7entAal^^^^^^^^ '7 "^'T^- ^-'^^ore. if you live in the 

written permission from the Patent Ofn^anle^ an iTur^^^^^ 

United Kingdom for a patent for ttesaZ7nZTon J,d^^^^^ ^ beforehand in the ' 

communication has been given, or any suTZeZTh^feln"^^^^^^^^^^^ - 

Notes 

b) «'"Kyour.„s^u,c.p,alkttersu,l„gl,„ckl„J,orroum=y,yp„He„, 

attached to this form. ""uation sheet 'ri the relevant part(s): Any continuation sheet should be 

d) If you have answered 'Yes' Patents Form 7/77 v^iU need to be filed 

e) Once you have filled in the form you must remember to sign and date it 

f) For details of the fee and ways to pay please contact the Patent Office 



Patents Form 1/77 



M&C Folio No P52422GB 



1 



A semiconductor device and a method of manufacturing a semiconductor device 

The present invention relates to semiconductor device, in particular to a laser device 
such as, for example, a self-pulsat.on laser device. It also relates to a method 
manufacturing a semiconductor laser device. 

One coupon use of a semiconduCo. laser device is to record data onto or read data 
from an opuc^ ..orage medi™ such as an opto. disc. One problem encountered in 
a.s use ft,.. ^.^ ^^^^^^ ^^^^ ^ ^^^^^^^ ^^^^^^ ^ 

*e hgh, emrncd by .he laser is reflected by the optical disc and is coupled back into the 
laser. Tb. reflected light arrd the laser beam interfere optically, and this interference 
cause .nstabilities ira the laser cavity which result in «,e generation of noise in the laser's 

output power. 

One proposal for overcoming this problem is to use an optical arrangement which 
mtmrntses the amount of light coupled back into Ore laser by separating .he iUumihation 
opttcs flom the collection optics. However, this leads to a much heavier, larger and 
more expensive optical arrangement. 

Arrother proposal for overcormng this problem is to drive a laser according to a method 
known as the ."high frequency overlapping method", m this method, a current 
osc.Ua.mg a, a high frequency is superimposed on the driving current of a 
semrconducor laser device. The high-speed modulation caused by the high frequency 
curren, destroys the phase coherence between fte oscillaiing modes of tire laser and any 
l.gh. reflected back to the laser by the optica, disc, thereby rendering the laser 
msensutve to the optical feedback. Tltis method has the disadvantage, however, that 
extra ctrcutoy .s required to bias and modulate the laser diode at a high frequency and 
fhts complicates the overall system and makes it much more expensive. Also this 
method does not allow the miniaturisation of an optica, set-up that uses a sem.conductor 
l3.ser. 
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Anofter approach ,„ solving ,h. problem has been ,o use a se.f-pu,satf„g laser diode 
«.a. use a d.eo, ourren. (OC) „„„.odu,a.ed drive c™. Such a laser devi e 2 
no.se characeris^cs for op.ical disc readi„g,wri.i„g syseen.. by reducing fte rla^^ 
.ntens.,y of noise arising fc„ fte optical feedback from an optical disc. 

The basic princple of a self-pulsa«on senticonducor laser is fta. fte laser str„cn.re 
on.a,ns a layer or region fta. is absorbing for hgh, e„.i„ed by *e ac«ve region of .he 
laser, toally carrier, are confined in fte absorbing layer/region and are allowed .o 
accu„.ula,e in fte absorbing layer*egion after i, absorbs hgh. ge„era.ed in Ure ac.ive 
-g.on. The aocumuMon of caniers in fte absorbing layer/region causes a drop in i.s 
absorption coefflcien. - i.e.. the absorbing sa„,ra.es. This reduces .he loss in the cavi.y 
of tire laser device, and so leads to tire sudden onset of a strong laser pulse as tire photon 
density ,n the cavity rises above the tiu-eshold for laser action. The device quickly stops 
lastng as the intense lasing n,ode rapidly depletes flte carriers in tire active region 
replemshmg the abson^tion coefficient of Ure laser cavity to its origtaal value This' 
cycle repeats itself, and hence self-pulsation is achieved. 

One metirod of achieving self-pulsation. disclosed in US-A-« 002 701. is to include a 
satirrable absorbing layer in tite laser structure. In general tins method involves growing 
a quannmr weU layer near the active region (normally in a cladding layer of the laser) 
fltat fte quantum well layer overlaps with an optical mode propagating tn tite laser' 
By adjusting tire tiuckness of the quantum well layer, tire effective band gap of the 
quanhtm weU may be se, below or above the band-gap energy of the active region 
rn^y determinrng whether or no, the quantum well layer absoAs Ught genetated ij 
the active region. Similarly Kidoguci et al. suggest, in «Appl. Phys. Leti." Vol 68 (25) 
(1996). providing a h,ghly doped saturable absorbing layer above tire active layer of a 
semtconductor laser device in order to obtain self-pulsation m AlGalnP laser devices. 

Self-pulsating laser diodes in which a p-t,pe doped multiple quantum well acts as an 
absorbmg layer and which operate a, temp^amres of up to lOO'C have been reposed by 
H.D. Summers et al, in "IEEE Photonics Technology Letters", Vol. 10, No 9 (1 998) 
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Self-pulsa.,on in a semiccnduc.or laser device has also been achieved by adjusting tte 
abson,t,on in the lateral direction around the active layer. C.H. Hemy et al in "J Apol 
Phys .•■ Vol. 52, P4457 (1981); Manning et al. in "mUE ,. Quantum Electronics" Vo/ 
QE-19. p,525 (1993); and N.K. Dutta et al. in "Appl. Phys, Lett." Vol. 45, p836 (i984) 
have reported a change of the refractive index in the latetal direction, owing to current 
mjeotton, m multiquantum well (MQW) and double heterostructure lasers H Hayash, 
et al. showed, in "lEICE Technical report on Optica, and QuanUt™ Electronics" Vol 
OQE88-5. P33 (1998)), that this change of refractive ,ndex in the lateral direction' 

whtch ,s also evidence of a change in the band gap of the aCve layer, is an imponan," 

ftctor for obtaimng self-sustained pulsation in laser diodes. T. Tanaka e. al. reported in 
Appl. Phys. Len." Vol. 53(25), p247, (1984), fabhcating high power self-sustaitied 

pulsattng lasets using thi. technique, by optimising the thickness of the cladding layer 

and the active region. 

Figure 1 is a schemadc view of a self-pulsation semiconductor laser device 17 He 
laser dev.ce 17 comprises a substrate .. and a multi-layer structure 16 grown over the 
substrate 1. A buffer layer 2 is grown over the substrate 1. and a first (in this case „- 
type) cladding region 3 is grown over the buffer layer 2. An active region 4 is grown 
over fl,e first cladding region 3. Tlre a«ive region 4 ,s no. shown in detail in figure 1 
but w,ll t>pically consist of a multiple quantum well (MQW) structure. A second 
claddmg region, of opposite conductivity type ,o the first cladding region 3 is then 
grown over the active region 4. Since the firs, cladding region 3 is. in this example an 
n-type cladding region, toe second cladding region in flns example is a p-type cladding 
layer. A capping layer 8 is disposed over .he upper surface of the second cladding 
regton. Electrodes (not shown) are disposed over the capping layer 8. and on fte 
underside of the substrate 1, to allow a current to be applied ,o the laser device. 

The self-pulsation laser device ,7 of figur. , further includes a layer 6 disposed within 

the second cladding region. The layer 6 absorbs light emitted By the ac.ive region 4 of 
t^e de,„,. ^ ^^^^^ ^ ^^^^^^ 

ciaddtng region thus consists of a first cladding layer 5 disposed between ,he active 
regron and the saU^rable absorbing layer 6. and a second ciaddtng layer 7 disposed 
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between the saturable absorbing layer 6 and the capping layer 8. The saturable 
absorbing layer 6 may be a quantum well layer that is thicker than the active region and 
in this case the saturable absorbing layer may also be referred to as a thick quantum well 
or TQW. Alternatively, the saturable absorbing layer 6 may be a strained layer The 
saturable absorbing layer 6 is located in the p-type cladding region, and so is preferably 
doped p-type to ensure that a conductive path exists through the p-cladding region. 

The saturable absorbing layer 6 is positioned sufficiently close to the active region 4 so 
that It overlaps with an optical mode propagating in the active region 4 of the laser 
device 17. As explained above, the saturable absorbing layer 6 gives rise to the self- 
pulsation effect. The distance between the saturable absorbing layer 6 and the active 
region 4 can be chosen depending on the amount of overlap desired between the 
saturable absorbing layer 6 and the optical mode, and on the degree of absorption 
desired m the saturable absorbing layer. 

A first aspect of the present invention provides a method of manufacturing a 
semiconductor device comprising the steps of: growing a semiconductor structure 
having at least an active layer, a first cladding region, and a saturable absorbing layer 
disposed within the first cladding region; and subsequently modifying the band-gap 
energy of the saturable absorbing layer over one or more selected areas of the device. 

m a conventional self-pulsation semiconductor laser of the type shown in Figure 1 the 
absorbing properties of the saturable absorbing layer 6 are primarily dependent on the 
distance between theactive region 4 and the saturable absorbing layer 6, and also on the 
width and band-gap energy of the saturable absorbing layer. These characteristics are 
all defined during the growth process, and so are fixed during the growth of the laser 
device. The prior art methods of fabricating a self-pulsation laser thus have little or no 
post-growth control over the properties of the saturable absorbing layer. Devices grown 
accordmg to these prior art methods also have poor rehabihty, and this is due to the 
generation of heat in the saturable absorbing layer (US patent No. 5 471 494) 
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In the present invention, however, the absorption characteristics of the saturable 
absorbing layer may be changed after the device structure has been grown without 
affectmg the emission properties of the active region. This allows, for example the 
saturable absorbing layer to be initially grown as absorbing for light emitted by the 
active region of the device; one or more selected areas of the saturable absorbing layer 

may subsequently be treated so as to increase their bandgap and so become non- 

absorbmg for light emitted by the active region of the device. 

Regions of the saturable absorbing layer that are treated so as to become non-absorbing 
for Ught emitted by the active region are able to act as a heat sink for heat generated in 
regions of the saturable absorbing layer that remain absorbing for light emitted by the 
active region. 



The method may comprise inbreasing the band-gap energy of the one or more selected 
areas of the saturable absorbing layer. The saturable absorbing layer be grown with a 
band-gap energy that is smaller than the band-gap energy of the active region, and the 
method may comprise increasing the band-gap energy of the one or more selected areas 
of the saturable absorbing layer so as to be greater than the band-gap energy of the 
active region. Making the band-gap energy of the one or more selected areas greater 
than the band-gap energy of the active region renders the or each selected area non- 
absorbing for Ught emitted by the active region. 

- The one or more selected areas of the saturable absorbing layer may comprise 
substantially the entire area of the saturable absorbing layer. Thus enables the 
absorbing characteristics of the saturable absorbing layer to be modified over 
substantially its entire area. Alternatively, the band-gap energy of the saturable 
absorbing layer may not be intentionally altered in one or more chosen regions. 

The step of modifying the band-gap energy of the saturable absorbing layer may 
compnse creating vacancies near a surface of the device. It may comprise creatine the 
vacancies near a surface of the device on the opposite side of the saturable absorbm. 
layer to the active region. The vacancies are not required to pass through tl.e activl 
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region as ftey migrate into the saturable absorbing layer, and so do not affect the 
emission properties of the active region. 

The method may comprise plasma irradiation of the surface of the device thereby to 
create vacancies near a surface of the device. It may comprise disposing a dielectric 
layer over the surface of the device before the plasma irradiation. The dielectric layer 
may be a sihcon dioxide (SiOz) layer or a silicon nitride layer. 

The method may comprise the step of heating the device thereby to migrate the 
vacancies into the saturable absorbing layer. 

The saturable absorbing layer may be a quantum well layer. 

A second aspect of the invention provides a device produced by the first aspect. The 
device may be a laser device, for example a stripe ridge laser device. 

A third aspect of the invention provides a semiconductor device comprising an active 
region; a cladding region; and a saturable absorbing layer disposed within the cladding 
region; wherein the saturable absorbing layer comprises one portion that is absorbing 
for hght emitted by the active region and comprises another portion that is not 
absorbmg for hght emitted by the active region. 

Il.e saturable absorbing layer may comprise a plurahty of absorbing portions that axe 
each absorbing for light emitted by the active region. It may further comprises a 
plurality of non-absorbing portions that are each not absorbing for hght emitted by the 
active region. The absorbmg and non-absorbing portions of the saturable absorbing 
layer may each be substantially stripe-shaped. 

The device may be a semiconductor laser device. 

The absorbing and non-absorbing portions of the saturable absorbing layer may be 
crossed with the lasing direction of the laser device. 
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The laser device may be a stripe ridge laser device, and the saturable absorbing layer 
may comprise a first stripe-shaped non-absorbing portion disposed substantially under 
and parallel to the stripe ridge. It may comprise at least a second non-absorbing portion 
the or each second non-absorbing portion of the saturable absorbing layer not being 
disposed under the stripe ridge. The or each second non-absorbing portion of the 
saturable absorbing layer may extend substantially parallel to the stripe ridge. 

At least one absorbing portion of the saturable absorbing layer may be coupled, in use, 
to an optical mode propagating in the laser device. 

The laser device may be a self-pulsation laser device. 

Preferred embodiments of the present invention will now be described by way of 
illustrative examples with reference to the accompanying figures in which; 

Figure 1 is a schematic illustration of a conventional self-pulsation semiconductor laser 
device incorporating a saturable absorbing layer; 

Figure 2 illustrates a self-pulsation semiconductor laser device produced by a method of 
the present invention; 

Figure 3 shows the peak photoluminescence wavelength of a thick quantum well 
(TQW) and the active region of a semiconductor laser device for different amiealing 

temperatures; 

Figures 4(a) to 4(c) show a first embodiment of a self-pulsation laser device according 
to the present invention; 

Figure 4(d) illustrates the manufacture of the laser device of Figure 4(a); 
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Figure 5(a) shows a second embodiment of a self-pulsation laser device according to the 
present invention; 

Figure 5(b) illustrates the manufacture of the laser device of Figure 5(a); 

Figure 6(a) shows a third embodiment of a self-pulsation laser device according to the 
present invention; 

Figure 6(b) illustrates the manufacture of the laser device of Figure 6(a); and 

Figure 7 illustrates diffusion of vacancies into a laser device 

Like reference numerals denote like components throughout the drawings. 

The present invention will be described with reference to a laser device. The invention 
is not, however, limited to use with a laser device and may be applied to other 
semiconductor devices. 

The fabrication method of the present invention provides a method of changing the 
absorption properties of the saturable absorbing layer 6 of a self-pulsation laser device 
having the general structure of Figure 1 after the laser structure has been grown 
Furthermore, the fabrication method of invention enables the absorbing properties of the 
saturable absorbing layer 6 to be altered over one or more selected areas of the laser 
device while leaving its properties unaltered (or not intentionally altered) in non- 
selected areas, and this enables novel laser devices to be made. 

m one embodiment of the fabrication method of the invention, the technique of 
quantum well intermixing (QWf) (John Marsh, "Compound Semiconductor", Page 63 
September (2001)) is used to increase the effective band gap of the saturable absorbing 
layer, thereby controlling the amount of absorption in the saturable absorbing layer 
Controlling the absorption in the saturable absorbnng iayer in this way enables tie self- 
pulsation characteristics of the laser device to be controlled. 
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F.gure 2 ,„,strates the ^manufacture of a laser device according to one embodiment of 
the fabncation method of the invention. Fabrication of a single laser device will be 
descnbed for convenience although, in general, the layer structure will be grown as a 
wafer having a diameter of a few inches which is then cleaved to form individual laser 
devices with electrodes then being provided on each individual laser device. 

In this method, a laser device 18 having the same general layer structure as the laser 
device 17 of figure 1 is initially grown. The detailed description of this general layer 
structure will not be repeated. In this embodiment the saturable absorbing layer 6 is 
fonned by a quantum well layer, such as a TQW, having a band-gap energy lower than 
the energy of photons generated in the active region, m this embodiment the saturable 
absorbing layer 6 is disposed withm the p-t>pe cladding region and so is preferably 
doped p-type. 



Next, a dielectric layer 9 is deposited over the laser device, on the upper surface of the 
capping layer 8. Examples of suitable materials for the dielectric layer are silicon 
dioxide (SiO.) and silicon nitride (S3N4). This layer may be deposited by plasma- 
enhanced chemical vapour deposition, although in principle any suitable process may be 



used 



Once the dielectric layer 9 has been deposited, vacancies are created within the laser 
device, near the surface protected by the dielectric layer 9. One convenient way of 
carrymg out this step is to in-adiate the laser device with a plasma that creates vacancies 
m the capping layer 8 and in the upper part 7 of the cladding layer. The dielectric layer 
9 protects the surface of the laser device during this irradiation process, and reduces the 
number density of vacancies formed in the capping layer 8 and the cladding layer 7 as a 
result of the irradiation process. 

Finally, the laser device 18 .s annealed in order ,o cause the vacancies created near toe 
surface of ,he laser structure to tnigrate through the laser structure. As vacances 
mtgrate u,to the saturable absorbing layer 6. they promote quanmm well intannixing 
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and increase the effective band gap of the saturable absorbing layer 6. This enables the 
absorption properties of the saturable absorbing layer to be adjusted. 

If desired, the dielectric layer 9 is removed after the irradiation step and a new dielectric 
layer is deposited over the laser device. This ensures that the upper surface of the 
device is relatively flat, and leads to uniform annealing of the surface (the annealing is 
usually performed "face down"). This enhances the intermixing that occurs as a result 
of the migration of vacancies induced by the annealing step. In principle, however, the 
dielectric layer 9 could be retained, and a new dielectric layer deposited over' the 
dielectric layer 9. Alternatively the existing dielectric layer 9 could be retained, without 
deposition of a new dielectric layer. 

The process of creating vacancies and annealing the laser device to cause the vacancies 
to migrate through the layer structure of the device does not affect the emission 
properties of the active region. This is because the number density of vacancies formed 
in the capping layer 8 and the cladding layer 7 is low, owing to the presence of the 
dielectric layer during the irradiation process. This is illustrated in figures 3 and 7. 

Figure 3 shows the peak photoluminescence wavelength for the active region (triangles) 
and the saturable absorbing layer (circles) for a typical self-pulsation laser device of the 
type shown generally in figure 2. The peak photoluminescence wavelengths shown 
were measured after the irradiation and annealing processes, and are shown as a 
function of the annealing temperature. 

The saturable absorbing layer 6 of the laser device shown in Figure 2 is grown so as to 
be absorbing for light emitted by the active region 4. The saturable absorbing layer is 
formed by a quantum well layer having a lower band gap, and thus a lower photon 
energy, than the active region - and as a result the peak photoluminescence wavelength, 
before amiealing, of the saturable absorbing layer is greater than the peak 
photoluminescence wavelength, before annealing, of the active region. In the results 
shown in figure 3, the saturable absorbing layer has a band gap coiresponding to a peak 
photoluminescence wavelength before annealing of around 750nm, whereas the active 
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region has a bandgap corresponding to a peak photoluminescence wavelength before 
annealing of around 733nni. 



Figure 3 illustrates the effect on the peak photoluminescence wavelengths of the active 
region and the saturable absolving layer as the annealing temperature is altered. It will 
be seen that there is no observable effect on the peak photoluminescence wavelengths 
for annealing temperatures of up to around 800°C - the peak photoluminescence 
wavelength of both the saturable absorbing layer and the active region remains 
substantially unaltered. 



When the amiealing temperature is raised to 825°C, however, the peak wavelength of 
the saturable absorbing layer region falls, to around 720nm. This indicates that the 
effective band gap of the saturable absorbing layer region has increased, and is now 
greater than the band gap (and hence the emitted photon energy) of the active region. 
Thus, the saturable absorbing layer is now non-absorbing for light generated in the 
active region - the vacancies created by the irradiation process have migrated into the 
saturable absorbing layer and have caused quantum well intemiixing, leading to an 
increase in the effective band gap of the saturable absorbing layer. It is possible to 
control the absorbing properties of the saturable absorbing layer in this way. 

It will be seen in figure 3 that the peak wavelength of the active region does not change 
significantly for any of the annealing temperatures shown in figm-e 3. This indicates 
that it is possible to alter the absorbing properties of the saturable absorbing layer 
without having a significant effect on the emission properties of the active layer. The 
peak wavelengths of the active region shown in figure 3 are substantially equal to the 
peak wavelengths before the irradiation and amiealing steps had been carried out. 

Figure 3 relates to the GaAs/GaAlAs system, and the minimum amiealmg temperature 
of 825°C relates to this material system. The minimum annealing temperature is 
expected to be different in other material systems, but the general principle of Figure 3 
is applicable to other material systems. 
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Figure 7 illustrates the effect of the dielectric layer 9 on the intennixing process. Figure 
7 shows the vacancy concentration profile (horizontal axis) as a function of the distance 
into the device, measured from the top surface of the device. The curve 32 in figure 7 
illustrates the typical vacancy concentration profile obtained by irradiating the device in 
the absence of the dielectric layer 9 to create vacancies near the surface of the laser and 
subsequently annealing the device to cause the vacancies to migrate through the device. 
The positions of the saturable absorbing layer 6 and active region 4 are indicated 
schematically in figure 7, and it will be seen that curve 32 indicates that a significant 
number of vacancies migrate into the active region, and this would affect the emission 
properties of the active region. 

Curve 3 1 in figure 7 shows the vacancy concentration profile obtained by irradiating the 
laser device when the dielectric layer 9 is present and subsequently annealing the device 
to cause the vacancies to migrate through the structure. It will be noted that, when the 
irradiation is carried out in the presence of the dielectric layer 9, vacancies do' not reach 
the active region so that the emission properties of the active region are not altered. 
This is because the presence of the dielectric layer 9 reduces the number of vacancies 
formed near the surface of the laser device, and this is clearly shown in figure 7 - for an 
given depth into the device, the vacancy concentration (corresponding to curve 31 is 
significantly less than the vacancy concentration of curve 32. 

Providing the dielectric layer 9 during the irradiation step is therefore a convenient and 
rehable way of ensuring that the process of creating vacancies and causing them to 
migrate into the saturable absorbing layer 6 does not affect the emission properties of 
the active region of the laser device, m principle, however, it is not- necessary to 
provide the dielectric layer 9 during the irradiation process, provided that it is possible 
to ensure that the process of irradiating and amiealing the device will not affect the 
emission properties of the laser. For example, it may be possible to control the 
conditions of the irradiation step to ensure that a relatively low number . densitv of 
vacancies is created within the laser device even .f no dielectric layer is provided, so 
that vacancies do not migrate as far as the active region ,n the subsequent annealing 
step. 
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The mvention may be perfonned with any irradiation and annealing process that is 
effective to increase the band gap energy of the saturable absorbing layer 6 without 
subsequently affecting the emission properties of the active region 4. ^ 

The structure of the laser device 18 shown in Figure 2 .s conventional, since the 
saturable absorbing layer 6 is absorbing over the entire area of the laser device 
However, it is possible to fabricate novel laser devices using the fabrication method of 
the invention. 

Figure 4(a) illustrates a. first embodiment of a self-pulsation laser device of the 
invention. The laser device 19 of Figure 4(a) is generally similar to the laser device of 
Figure 2, except that the saturable absorbing layer 6 is not absorbing, for Hght emitted 
by the active region 4. over its entire area. In this embodiment the saturable absorbing 
layer 6 contains at least one region lib that is not absorbing for hght emitted by the 
active layer 4 and at least one region 1 la that is absorbing for light emitted by the active 
layer 4. In the specific device shown in Figure 4(a), the saturable absorbing layer 6 has 
three regions 11a that are each absorbing for hght emitted by the active layer 4 and three 
regions lib that are each not absorbing for light emitted by the active layer 4, but the 
invention is not limited to three absorbing and three non-absorbing regioiis As 
indicated in Figure 4(a), the absorbing regions 11a and non-absorbing regions lib are 
preferably stripe-shaped, and are preferably substantially parallel to one another. 

A laser device of the type shown in Figure 4(a) may be manufactured by the fabrication 
process of the invention. To manufacture the laser device of Figure 4(a), a layer 
structure having the same general structure as the layer structure of the laser 17 of figure 
1 is initially produced. (The substrate 1, the buffer layer 2 and the capping layer 8 have 
been omitted from figure 4(a), for ease of description. Again, fabrication of a single 
laser device will be described for convenience.) The saturable absorbing layer 6 is 
disposed in the p-type cladding region, and so is preferably, doped p-type. 
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Once the layer structure has been prepared, a dielectric layer 9 is deposited over the 
upper surface of the layer structure, as shown in Figure 4(d) which illustrates the 
manufacture of the laser device of Figure 4(a). As in the previous embodiment the 
dielectric layer may be a layer of silicon dioxide or sihcon nitride, and may be deposited 
byPECVD. 

, Next, strips 10a of a masking material are provided over the dielectric layer 9. In this 
embodiment a photoresist is used as the masking material. Photoresist is not present in 
the regions 10b between adjacent strips 10a of photoresist, so that the dielectric layer 9 
is not covered in the regions 10b between adjacent strips 10a. Figure 4(d) shows the 
layer structure after the strips 1 Oa of photoresist have been provided. 

The strips of photoresist are conveniently fonned by depositing a photoresist layer over 
the entire dielectric layer 9, and patterning the photoresist layer by removing selected 
regions of the photoresist layer to leave the stripes 10a of photoresist^ The layer of 
photoresist may be patterned using, for example, a suitable photolithographic technique. 

The layer structure is then irradiated to induce vacancies within the layer structure, near 
the upper surface of the cladding layer 7. The effect of the strips 10a of photoresist is to 
prevent formation of vacancies in regions of the cladding layer 7 under the strips 10a of 
photoresist. Vacancies are created only in regions of the cladding layer 7 that underiie 
the regions 10b where photoresist is not present. 

Next the strips 10a of photoresist and the dielectric layer 9 material are removed, and a 
new dielectric layer 9' (shown in Figure 4(a)) is deposited over the entire surfacJof the 
layer structure. Suitable materials for this new dielectric layer include sihcon dioxide 
and sihcon nitride, although other dielectric materials may be used. 

The layer structure is then annealed to cause the vacancies to migrate through the layer 
Structure. 
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The new dielectric layer .s again deposited ,o provide a flat upper surface for ,he 
annealing step. In principle ,he existing dielectric layer 9 and the photoresist 10a could 
be retatned and the new dielectric layer dq,osited over the dielectric layer 9 and 
photoresist lOa. This may be undesirable in practice, however, since the photoresist ,0a 
would be baked and hardened during the annealing step, so the photoresist would then 
be very difficult to remove. 

In the method according to this embodiment, vacancies are produced in the irradiation 
step only in regions of the cladding layer 7 that underlie under the regions 10b where 
photoresist is not present. When the laser device is annealed, therefore, vacancies 
migrate only into regions lib of the saturable absorbing layer 6 that underlie under the 
regions 10b where photoresist was not present during the irradiation step. The regions 
1 lb of the saturable absorbing layer into which vacancies migrate correspond generally 
m shape and size to the regions 10b where no photoresist was present during the 
irradiation step. No, or few, vacancies are produced in regions 11a of the saturable 
absorbing layer 6 that underiie positions where the strips 1 Oa of photoresist were present 
during the irradiation step. 

In this embodiment the saturable absorbing layer is a quantum well layer When the 
laser device 19 is fabricated, the saturable absorbing layer 6 is initially grown with a 
band gap that is smaller than the energy of light emitted by the active region 4 so that 
the saturable absorbing layer 6 is absorbing for light emitted by the active region 4 over 
the entire area of the laser device. In the regions 1 la of the saturable absorbing layer in 
which no vacancies are induced, the band gap of the saturable absorbing layer will not 
be altered, and these regions 1 la of saturable absorbing layer thus remain absorbing for 
light emitted by the active region 4. This is shown in figure 4(c). The regions 11a of 
the saturable absorbing layer that remain absorbing for light emitted by the active region 
4 are positioned generally under the positions where strips 10a of photoresist were 
present during the irradiation step. 

In the regions lib of the saturable absorbing layer where vacancies are induced the 
absorption properties of the saturable absorbing layer 6 are modified by the vacaiacies. 
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The vacancies will cause quantum well intennixmg, thereby increasing the effective 
band gap of the saturable absorbing layer in the regions 1 lb of the saturable absorbing 
layer where vacancies are induced. Provided that sufficient vacancies are induced the 
effective band gap of the saturable absorbing layer in the regions lib will beconie 
greater than the energy of hght emitted by the active region 4, so that the regions 1 lb of 
the saturable absorbing layer will become non-absorbing for light emitted by the active 
region 4. This is shown schematically in figure 4(b). The regions 1 lb of the saturable 
absorbing layer that are made non-absorbing for light emitted by the active region 4 are 
positioned generally under the areas 10b where photoresist was not present during the 
irradiation step. 

This embodiment of the invention therefore enables the absorbing properties of the 
saturable absorbing layer to be modified, after the layer structure has been grown, in one 
or more selected areas - that is, in the areas lib that underiie regions 10b where no 
photoresist was present during the irradiation step. The absorbing properties of the 
quantum well layer are substantially unchanged in non-selected areas, that is, the areas 
lla that underlie the positions of the strips 10a of photoresist present during the 
irradiation step. 



In figure 4(a) the areas lla of the saturable absorbing layer that remain absorbing are 
arranged as a series of substantially parallel stripes. The width and separation of the 
stripes are defined by the width and separation of the photoresist strips 10a, which each 
have a width of ^ with the separation between t^^^o neighbouring strips 10a beings The 
long axes of the absorbing areas lla of the quantum well layer are preferably 
substantially perpendicular to the lasing direction of the laser device. 

In the embodiment of Figm-e 4(a) the areas lla of the saturable absorbing layer that 
remain absorbing are crossed with the lasing direction of the laser, and are preferably 
substantially perpendicular to the lasing direction. This embodiment may be applied to 
a stripe ridge laser device, and may also be appUed to an edge-emitting laser device 
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Since the areas 11a of the saturable absorbing layer that remain absorbing are crossed 
with the lasing direction, there is considerable freedom in choosing the spacing 
between adjacent photoresist strips 10a and the width . of the photoresist strips 10a 
while still ensuring sufficient overlap between the areas 1 la of the saturable absorbing 
layer and the optical mode propagating in the laser. The embodiment of Figure 4(a) is 
therefore relatively straightforward to fabricate. 

Figure 5(a) illustrates a second embodiment of a laser device according to the invention 
In this embodiment, the invention is appUed to a laser having a stripe ridge. The stripe 
ridge laser device 20 of Figure 5(a) is generally similar to a conventional stripe ridge 
laser except that the saturable absorbing layer 6 contains at least one region 15 that 
is/are absorbing for light emitted by the active layer 4 and at least one region 13 that is 
not absorbing for Hght emitted by the active layer 4 (and in the embodiment of Figure 
5(a) the saturable absorbing layer 6 contains two non-absorbing regions 15,15). 

The laser structure 20 of Figure 5(a) may be manufactured by the fabrication process of 
the invention. The process will be described with reference to Figure 5(a) and to Figure 
(b) which illustrates an intermediate step in the manufacture. 

Initially a conventional stripe ridge laser structure is produced. This laser structure has 
an active region 4 disposed between a first cladding layer 3 and a second cladding 
region 5. 7. (The substrate of the laser structure, and the buffer layer between the 
■ substrate and the lower cladding layer 3 have been omitted from figures 5(a) and 5(b).) 
A sfripe ridge is produced over the second cladding region 5, 7, by deposition of 
suitable layers followed by masking and etching, and the stripe ridge is shown 
schematically at 12. Areas of the second cladding region 5,7 not covered by the stripe 
ridge 12 are covered with a current confining material 21, which is effective to confine 
injected current into the stripe ridge 12. 

In order to provide a self-pulsation stripe ridge laser device, a saturable absorbing layer 
6, for example a TQW layer, is provided within the second cladding region 5 1 The 
saturable absorbing layer is grown with an initial band gap that is smaller than the 
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photon energy of light emitted by the active region 4, so that the saturable absorbing 
layer is initially absorbing for hght emitted by the active region as is conventional. The 
saturable absorbing layer 6 is provided within the p-type cladding region and so is 
preferably doped p-type. 

According to the fabrication method of the invention, quantum well intermixing is then 
earned out on the portion 13 of the saturable absorbing layer that lies generally below 
the stripe ridge 12. This may be done by inducing vacancies in the portion 13 of the 
saturable absorbing layer under the stripe ridge, for example by the irradiation and 
annealing process described above. As explained above, this increases the band-gap 
energy of the saturable absorbing layer in the region 13 of the saturable absorbing layer, 
so that the saturable absorbing layer becomes non-absorbing for light emitted by the' 
active region 4 in the region 13 under the stripe ridge. The non-absorbing region 13 is 
stripe-shaped, and extends parallel to the stripe ridge. 

Further in this embodiment, the regions 15 of the saturable absorbing layer that do not 
lie under the stripe ridge 12 preferably do not have their band gap altered. This may be 
done by, for example, applying a suitable masking material 22a over the upper surface 
of the laser device, except for an area 22b that substantially corresponds to the ridge 
stripe 12. This is. shown in Figure 5(b), which illustrates the manufacture of the device 
of Figure 5(a). The masking material 22a prevents the formation of vacancies in any 
areas of the laser device that he under the masking material 22a and, as a results, the 
irradiation and annealing steps produce no or few vacancies in the regions 15 of the 
saturable absorbing layer that lie under the masking material 22a.. The band-gap energy 
of the regions 15 of the saturable absorbing layer that He under the masking material 
22a is therefore not changed by the irradiation/annealing steps, and so these regions 
remain absorbing for light emitted by the active region 4. 

In tliis embodiment the masking material 22a may be a photoresist. The photoresist 
may be deposited over the entire surface of the laser device, and pattenied to remove 
photoresist from an area 22b that substantially coiresponds to the ridge stripe 12 so that 
the dielectric layer 9 is exposed in the area 22b. The device is then iiradiated, and the 
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photoresist 22a and the dielectric layer 9 are removed. A new dielectric layer 9' is then 
deposited over the entire area of the device, and the device is then annealed. 

The extent of the laser's output optical mode is indicated by the broken circle 23 in 
figure 5(a). The amount of optical absorption in the laser's cavity is determined by the 
coupling between the absorbing regions 15 of the saturable absorbing layer 6 and the 
optical mode. The area of the laser in which vacancies are induced, and hence the area 
of the non-absorbing region 13 of the saturable absorbing layer 6 may be chosen so as 
to provide the desired coupling and hence the desired amount of absorption. 

Figure 6(a) shows a third embodiment of a laser device of the invention. This 
embodiment again relates to a stripe ridge laser and is generally similar to the 
embodiment of Figure 5(a). In the embodiment of figure 6(a). however, one or more 
regions 14 of the saturable absorbing layer 6 (which may again be a TQW layer) that do 
not underlie the stripe ridge 12 are non-absorbing for light emitted by the active layer 4. 
These non-absorbing regions 14 are in addition tp the non-absorbing region 13 of the 
saturable absorbing layer that generally underlies the striped ridge 12. The additional 
non-absorbing regions 14 of the quantum well layer 6 are generally stripe-shaped, and 
extend substantially parallel to the stripe ridge 12. 

The laser structure of Figure 6(a) is manufactured in a similar way to the laser structure 
of Figure 5(a). However, the masking material is provided on the upper surface of the 
laser device in stripes 22a, as shown in Figure 6(b). The stripes 22a correspond to the 
regions where the saturable absorbing layer is desired to remain absorbing for light 
emitted by the active region 4. The stripes 22a of masking material preferably extend 
substantially parallel to the direction of the stripe ridge 12 and do not overiie the stripe 
ridge 12, as shown in Figure 6(b). 

hi this embodiment the masking material 22a may be a photoresist. The photoresist 
may be deposited over the entire surface of the laser device, and patterned to remove 
photoresist from areas 22b so that the dielectric layer 9 is exposed in the areas 22b. The 
device is then irradiated, and the photoresist strips 22a and the dielectric layer 9 are 
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removed. A new dielectric layer 9' is then deposited over the entire area of the device, 
and the device is then annealed. 



When the laser device is irradiated and annealed, quantum well intermixing occurs in all 
regions of the saturable absorbing layer 6 that are not underneath one of the stripes 22a 
of masking material. As a result, therefore, regions 14 of the saturable absorbing layer 6 
that do not underlie the stripe ridge 12 are made non-absorbing for light emitted by the 
active region 4. The non-absorbing regions 14 of the saturable absorbing layer each 
underlie a gap 22b between adjacent stripes 22a of the masking material. 

In addition to the regions 14 in which the saturable absorbing layer is made non- 
absorbing for light emitted by the active region 4, the region 13 of the saturable 
absorbing layer 6 that underlies the striped ridge also has its band gap increased so as to 
become non-absorbing for the hght emitted by the active region 4. 

Areas 15 of the saturable absorbing layer 6 that underlie one of the stripes 22a of 
masking material do not have their effective band gap changed, since no vacancies are 
created under the stripes 22a of masking material. The regions 15 of saturable 
absorbing layer 6 that underlie the stripes 22a of masking material therefore remain 
absorbing for light emitted by the active region 4. 

The invention has been described hereinabove with reference to a conventional laser 
(figure 4(a)) and to a stripe ridge laser (figure 5(a), 6(a)). The invention is not, 
however, limited to use in fabricating these two types of semiconductor lasers. The 
invention may be appHed to any self-pulsation semiconductor laser device and so may 
be applied to a self-pulsation vertical cavity surface emitting laser (VCSEL). 

Once the devices shown in Figures 4(a), 5(a) and 6(a) have been produced, they may be 
subject to further processing steps. For example, the dielectric layer 9' may be removed 
and contacts deposited. Alternatively, additional growth or processing steps may be 
carried out after the dielectric layer 9' has been removed, for example to define a ridge 
structure. These processing steps are conventional, and will not be described here. 
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In the embodiments of figure 5(a) and 6(a) the existing dielectric layer 9 and the 
photoresist 10, 22a could be retained and the new photoresist layer 9' deposited over the 
dielectric layer 9 and the photoresist 10, 22a, as described above with reference to figure 
4(a). 



As noted above, the invention may also be applied to other semiconductor devices in 
addition to lasers. 
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1 . A method of manufacturing a semiconductor device comprising the steps of: 

growing a semiconductor layer structure having at least an active region, a 
cladding region, and a saturable absorbing layer disposed within the cladding region; 
and 

subsequently modifying the band-gap energy of one or more selected areas of 
the saturable absorbing layer. 

2. A method as claimed in claim 1 and comprising increasing the band-gap energy 
of the one or more selected areas of the saturable absorbing layer. 

3. A method as claimed in claim 1 or 2 and comprising: growing the saturable 
absorbing layer with a band-gap energy that is smaller than the band-gap energy of the 
active region; and increasing the band-gap energy of the one or more selected areas of 
the saturable absorbing layer so as to be greater than the band-gap energy of the active 
region. 

4. A method as claimed in claim 1 , 2 or 3 wherein the one or more selected areas of 
the saturable absorbing layer comprises substantially the entire area of the saturable 
absorbing layer. 

5. A method as claimed in any preceding claim 1 or 2 wherein the step of 
modifying the band-gap energy of the saturable absorbing layer comprises creating 
vacancies near a surface of the device. 

6. A method as claimed in claim 5 and comprising creating the vacancies near a 
surface of the device on the opposite side of the self absorbing layer to the active layer. 

7. A method as claimed in claim 5 or 6 and comprising plasma irradiation of the 
surface of the device thereby to create vacancies near a surface of the device. 
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8. A method as claimed in claim 7 and comprising disposing a dielectric layer over 
the surface of the device before the plasma irradiation. 

9. A method as claimed in claim 8 wherein the dielectric layer is a sihcon dioxide 
(Si02) layer or a silicon nitride layer. 

10. A method as claimed in claim 6, 7, 8 or 9 and comprising the step of heating the 
device thereby to migrate the vacancies into the saturable absorbing layer. 

11. A method as claimed in claim 10 wherein the saturable absorbing layer is a 
quantum well layer. 

12. A device produced by a method as defined in any of claim 1 to 11. 

13. A device as claimed in claim 12 and comprising a semiconductor laser device. 

14. A device as claimed in claim 13 and comprising a stripe ridge laser. 

15. A semiconductor device comprising an active region; a cladding region; and a 
saturable absorbing layer disposed within the cladding region; wherein the saturable 
absorbing layer comprises one portion that is absorbing for light emitted by the active 
region and comprises another portion that is not absorbing for light emitted by the 
active region. 

16. A device as claimed in claim 15 and wherein the saturable absorbing layer 
comprises a plurality of absorbing portions, each absorbing portion being absorbing for 
hght emitted by the active region. 



17. A device as claimed in claim 15 or 16 wherein the saturable absorbing layer 
further comprises a plurality of non-absorbing portions that are each not absorbing for 
light emitted by the active region. 
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18. A device as claimed in claim 15, 16 or 17 wherein the absorbing and non- 
absorbing portions of the saturable absorbing layer are each substantially stripe-shaped. " 

19. . A device as claimed in any of claims 15 to 18, wherein the device is a 
semiconductor laser device. 

20. A device as claimed in claim 19 when dependent from claim 18 wherein the 
absorbing and non-absorbing portions of the saturable absorbing layer are crossed with 
the lasing direction of the laser device. 

21. A device as claimed in claim 19 wherein the device is a stripe ridge laser device, 
and wherein the saturable absorbing layer comprises a first stripe-shaped non-absorbing 
portion disposed substantially under and substantially parallel to the stripe ridge. 

22. A laser device as claimed in claim 21, wherein the saturable absorbing layer 
comprises at least a second non-absorbing portion, the or each second non-absorbing 
portion of the saturable absorbing layer not being disposed xmder the stripe ridge. 

23. A laser device as claimed in claim 22 wherein the or each second non-absorbing 
portion of the saturable absorbing layer extends substantially parallel to the stripe ridge. 

24. A laser device as claimed in any of claims 19 to 23 wherein at least one 
absorbing portion of the saturable absorbing layer is coupled to, in use, an optical mode 
propagating in the laser device. 

25. A laser device as claimed in any of claims 19 to 24 wherein the device is a self- 
pulsation laser device. 



26. A self-pulsation laser device substantially as described herein with reference to 
Figure 4, Figure 5(a) or Figure 6(a) of the accompanying drawings. 
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ABSTRACT 

A semiconductor device and a method of manufacturing a semiconductor device 

A semiconductor device comprises an active region (4), a cladding layer (5,7), and a 
saturable absorbing layer (6) disposed within the cladding layer. The saturable 
absorbing layer comprises at least one portion (Ua) that is absorbing for light emitted 
by the active region and comprises at least portion (lib) that is not absorbing for light 
emitted by the active region. 

The fabrication method of the invention enables the non-absorbing portion(s) (lib) of 
the saturable absorbing layer (6) to produced after the device structure has been 
fabricated. This allows the degree of overlap between the non-absorbing portion(s) 
(1 lb) of the saturable absorbing layer (6) and the optical mode of the laser to be altered 
after the device has been grown. 



[Figs 4(a), 4(b), 4(c)] 
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